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Abstract 
This study provides the dietary intakes of six trace elements (cadmium, chromium, copper, 
manganese, selenium and zinc), generally characterized by both nutritional and toxicological 
features depending on their exposure. Being diet the most relevant source of exposure to trace 
elements in non-professionally exposed subjects, we measured content of these trace elements in 
foods composing the typical Italian diet using inductively coupled plasma-mass spectrometry, and 
assessing dietary habits using a validated semi-quantitative food frequency questionnaire we 
eventually estimated dietary daily intake of trace elements in a Northern Italian community.  
In the 890 analyzed food samples, the main contributors to cadmium intake are cereals, 
vegetables and sweets, while cereals, beverages and vegetable are to primary source of 
manganese. The primary contributors for copper are cereals, fresh fruits and vegetables, while for 
chromium are beverages, cereals and meat. The main source of selenium intake are cereals and 
meat, followed by fish, seafood and milk and dairy products, while of zinc intake are meat, cereals, 
milk and dairy products. In our Italian population sample, the estimated median (interquartile 
range) dietary daily intakes are 5.00 (3.17-7.65), 56.70 (36.08-86.70) and 66.53 (40.04-101.32) 
µg/day for cadmium, chromium and selenium, and corresponding figures are 0.98 (0.61-1.49), 
2.34 (1.46-3.52) and 8.50 (5.21-12.48) mg/day for copper, manganese and zinc. 
The estimated intakes are generally within the average intake reported in other European 
populations, and in such cases well above the daily dietary intakes recommended by national 
international agencies, avoiding the risk of excess or deficiency. The present estimated intake data 
can be used to examine a specific trace element of interest and would afford enhanced health 
protection from those trace elements characterized by both nutritional and toxicological effects. 
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Introduction 
The relevance of trace elements in human health and disease is well documented [1]. 
Depending of their role within the metabolism, trace elements are generally classified in essential 
and non-essential. In particular, six trace elements, i.e. cadmium, chromium, copper, manganese, 
selenium and zinc, were selected due to their intriguing relation with human health showing 
either nutritional and toxicological effects [2-9]. Two of these elements are also included as 
prioritized substances within the Human Biomonitoring Initiative at the European level [10].  
Diet is generally recognized as being the main source of exposure to trace elements. Some 
exceptions are the high exposure in occupationally exposed workers, e.g. to cadmium [11, 12] and 
chromium [13, 14], and smoking. Moreover, additional relevant contribution from outdoor and 
indoor pollution was also pointed out for cadmium, manganese and selenium [15-20]. Being diet 
most relevant source of exposure to the above mentioned trace elements in non-occupationally 
exposed subjects, the systematic evaluation, the periodic and updated evaluation of their content 
in foods composing population diet is a key element for a comprehensive assessment of their 
intake levels and of possible consequent health risks [21].  
In the present study, we assessed the dietary intake of these trace elements in a Northern 
Italian community, taking into account their concentrations in foods and the dietary habits of the 
community.  
 
Methods 
Food collection and analysis 
 We determined the trace element content in the food items characterizing the usual diet 
of a Northern Italian population. Relevant food items characterizing the diet of this community 
were selected from previous population-based studies addressing the dietary habits of subjects 
from Northern Italy, with particular reference of Emilia Romagna Region [22]. We purchased 
samples of the food items in local markets, large supermarkets, and grocery stores as well as in 
community canteens from Reggio Emilia and Modena provinces. Food collection started in 
October 2016 and ended in February 2017. In order to avoid contamination of metals from food 
containers, plastic tubes or jars were used and plastic cutlery implement during the collection. 
Food samples were homogenised in a food blender (equipped with a stain less-steel blade) to 
ensure the homogeneity and for each food sample, specimen in six different point from the plate 
were collected for subsequent analyses. 
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We placed portions of the samples (0.5-1.0 g) in quartz containers previously washed with 
MilliQ water and HNO3. Food sample were liquid-ashed (5 ml HNO3 + 5 ml H2O2) in a microwave 
digestion system, then we stored them in a plastic tube and diluted to 50 ml with deionised water 
before analyses. We performed trace element determination using inductively coupled plasma-
mass spectrometer 7500 Agilent. All reagents were of analytical grade and deionised water was 
used throughout. We performed all the analyses in duplicate and quality controls including both 
blanks (solution of MilliQ water) and a control solution of tap-water additionally enriched with 22 
ppb of each element under investigation. Limit of quantification was 0.02 µg/kg for cadmium, 
chromium and selenium, while 0.5 µg/kg for copper, manganese and zinc. Corresponding limit of 
detection (LOD) was quantified in 0.007 µg/kg and 0.17 µg/kg. 
Therefore, we reported the concentrations of investigated trace elements according to the 
food consumption pattern typical of this Italian population, as previously described [23, 24]. The 
final list of foods included cereals, meat, milk and dairy products, eggs, fish and seafood, 
vegetables, legumes, potatoes, fresh fruits, dry fruits, sweets and beverages.  
 
Study population and estimation of daily element intake 
We carry out the evaluation of dietary habits of Northern Italy community in a 
representative sample of the Emilia-Romagna Region population [25, 26]. Briefly, the large sample 
population was randomly selected from the database of the Emilia-Romagna region National 
Health Service directory, namely from the provinces of Bologna, Ferrara, Modena, Parma, and 
Reggio Emilia. The final population was made up by 719 subjects, 319 males and 400 females with 
mean age 55.3 years, range 18-87 years. 
In this population, we assessed the total daily intake and for food categories through the 
assessment of food intake by using a validated semi-quantitative food frequency questionnaire 
(FFQ) specifically developed for the Central-Northern Italian population [27, 28]. Briefly, the EPIC 
(European Prospective Investigation into Cancer and Nutrition) questionnaire assessed the 
frequency and amount of consumption of 188 food items over the previous year, and allowed the 
frequency and quantity of consumption of foodstuffs and the related intake of nutrients and 
contaminants to be calculated using an ad hoc software [26, 29].  
 By combining the analytical results of trace elements determination in foods and of the 
dietary assessment performed through with the EPIC FFQ, we assessed daily trace element intake 
using the equation presented below: 
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𝑇𝑜𝑡𝑎𝑙 𝑑𝑎𝑖𝑙𝑦 𝑑𝑖𝑒𝑡𝑎𝑟𝑦 𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒 (
µ𝑔
𝑑𝑎𝑦
) = ∑
𝑓𝑜𝑜𝑑 𝑖𝑛𝑡𝑎𝑘𝑒 (
𝑔
𝑑𝑎𝑦
)× 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑓𝑜𝑜𝑑 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (
µ𝑔
𝑘𝑔
)
1000
  
We estimated daily dietary exposure for each category and for total dietary exposure, reporting 
median and interquartile range of intake.  
 
Results 
We determined trace element content of 890 food samples. Table 1 shows the distribution 
of investigated trace elements in food categories. All concentrations were found to be above the 
limit of detection for chromium, copper, and zinc, while four samples were below the LOD for 
manganese and selenium, and 25 for cadmium. For cadmium, the higher median content was 
detected in cereals followed by potatoes, while the highest concentrations were found in dry 
fruits, totally driven by pine nuts levels, in sweets (due to high content in dark chocolate) and 
eventually in seafood, due to high levels in samples of shellfish and cephalopods, as shown in 
Supplementary Figure S1. The high cadmium concentration in meat were almost totally driven by 
levels in offal samples (Supplementary Figure S2).  
Chromium showed high median content in three food categories: oils and fats, due to high 
concentrations in seed oils (i.e. mixed, sunflower and peanut), sweets, which showed the 
maximum levels in dark chocolate, and meat. The highest chromium levels were found in dry 
fruits, especially in nuts, and in beverages, due to high concentration in such spirits and liqueurs. 
The highest median content of selenium was found in fish and seafood, with elevated 
levels in fish of big size, e.g. fresh and canned tuna, showing values generally above 1 mg/kg, 
mackerel and perch fish, and crustaceous (Supplementary Figure S1). High selenium levels were 
also found in eggs, due to higher concentrations in the yolk, and in meat samples, with higher 
content in offal, followed by processed and red meat (Supplementary Figure S2). Vegetables 
generally showed a low content of this trace element, which in turn was higher in Se-accumulator 
vegetables (i.e. cabbage, onion and garlic) that revealed four- to ten-fold higher levels, with 
median content of 18.87 µg/kg (IQR: 5.62-65.90), and especially in mushrooms with a median 
content of 106.37 µg/kg (IQR: 129.00-151.64) (Supplementary Figure S3). 
Copper showed the both median and maximum levels in dry fruits, due to pine nuts, 
hazelnuts and nuts content, followed by legumes, where copper-rich samples were soy beans, 
black-eyed beans/peas and lentils. Sweets were generally at low content of copper, except for 
high concentration in dark chocolate (Supplementary Figure S4).  
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Similarly, manganese levels were high in almost all dry fruits, especially pine nuts, followed 
by nuts, hazelnuts, nuts and in addition almonds, in legumes, with the highest levels in chickpeas, 
followed by soybeans, beans in general (black-eyed, black peas, ‘borlotto’ and ingot/’cannellino’ 
beans), and finally in cereals. Despite the general low content of manganese in beverages, tea 
shows the highest content in coffee (3.41 mg/kg, IQR: 1.96-3.40) and tea (1.61 mg/kg IQR: 0.78-
1.12). 
Zinc generally showed the higher median content in dry fruits, meat, followed by milk and 
dairy products, cereals and eggs, while the highest values were found in dry fruits, especially pine 
nuts, peanuts, nuts and almonds, and in all kind of meat. 
We estimated the mean consumption of foods carried in our representative sample 
population of the Emilia-Romagna Region (Table 2). The contribution of the most representative 
food groups of the total diet were cereals, vegetables, fresh fruit, meat, milk and dairy products. 
Table 3 shows the estimated daily intake (median and interquartile range) of investigated trace 
elements in the total diet and according to the different food categories in overall study 
population, with sex-specific estimates substantially similar to the those obtained in the overall 
population (Supplementary Table S1). 
The overall trace element content in food categories, and the contribution of each food 
category to the trace element daily intake are reported in Figure 1 for the total study population. 
Cereals are the primary contributor for dietary intake of cadmium (55%), manganese (46%) and 
copper (37%). Meat shows relevant contribution to zinc (32%), selenium (26%), chromium (14%), 
and copper (8%). Milk and dairy products demonstrate high contribution only to zinc (17%), 
selenium (14%), chromium (8%). Egg shows generally low contribution to element intake, with the 
highest values for selenium (4%) and zinc (2%). Fish and seafood show the highest contribution to 
selenium intake (17%) and cadmium (4%), followed by zinc, copper and chromium (around 1-2%). 
Vegetables show relevant contribution to cadmium (19%), copper (11%), manganese (10%), 
followed by chromium (8%), zinc (3%), and selenium (less than 1%). Legumes show the highest 
contribution in intake of copper (8%) and manganese (7%), while, potatoes generally show low 
contribution (less than 1%) to elements intake, with slight exception for copper (2.2%) and 
cadmium (3.7%). Fresh fruits show relevant contribution only to copper (16%) and chromium and 
manganese (7% each), while dry fruits show very low contribution due to the low daily intake, 
despite the high content demonstrated especially in copper, manganese, and zinc. Sweets (mainly 
due high element content in chocolate) are the primary contributors for chromium and cadmium 
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intake (10% each), followed by manganese (8%), copper (7%), selenium and zinc (around 3%). Oils 
and fats show the only high contribution to chromium intake (13%). Finally, beverages show 
highest contribution to intake of chromium (20%), manganese (19%), zinc (11%) and selenium 
(9%). Sex-specific analysis yielded generally comparable results (Supplementary Figures S5 and 
S6). 
Finally, the comparison of total element intake estimated in the study population with 
European and International TDIs/TWIs is reported in Table 4. 
 
Discussion 
In this study, we assessed the dietary intake of six trace elements in a Northern Italy 
population, by measuring trace element content in foods characterizing their usual diet and 
assessing the contribution of different foods to the intake of trace elements. For cadmium, cereals 
were by far the most relevant source, followed by vegetables, and sweets (mainly due to dark 
chocolate). For chromium, the similar contribution was yielded beverages, cereals, meat, oils and 
fats, and sweets/chocolate. Selenium estimated daily intake was mostly driven by cereals and 
meat, followed by fish, seafood, milk and dairy products. For copper intake was driven by cereals, 
followed by fresh fruits, vegetables, legumes and sweets, and in addition beverages for 
manganese. Zinc intake showed the highest contribution from milk and dairy products, meat and 
cereals. 
National dietary surveys tend to provide information on average intakes of all dietary 
factors, including trace elements, of the whole country [21, 30, 31]. In the present study, we 
assessed both trace elements content in the specific foods distributed and consumed in a local 
community, as well as the dietary habits characterizing that community, to achieve an estimate of 
the average daily intake of the trace elements and their major dietary sources in a representative 
community of Northern Italy. Though the subjects from Emilia-Romagna Region we investigated 
are characterized by substantially comparable dietary habits compared with previous Italian 
surveys [32, 33], it should be noted that our sample population shows a slight lower intake of 
cereals, beverages and vegetables, while it is higher for fresh fruits, milk and dairy products.  
Overall, the estimates of intake of trace elements were however generally within the 
average intake reported by European surveys (Table 4), avoiding the risk of excess of deficiency in 
the intake. 
The first exception is cadmium, for which the weekly estimated intake in our population of 
0.50 µg/kg of body weight (bw) is far below the average intake reported in other European surveys 
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(range 1.9-3.0 µg/kg of bw) and the tolerable weekly intake of 2.5 µg/kg of bw per week recently 
established European Food Safety Authority (EFSA) [34, 35] and the tolerable monthly intake of 7 
µg/kg of bw per month of the World Health Organization (WHO) [36]. Cadmium is a well-
established carcinogen [11] recently linked to both neoplastic [37, 38] and non-neoplastic diseases 
[39-41], and a more restrictive guideline of dietary intake has been suggested in order to enhance 
the health protection [42]. Our results confirm previous studies showing that the primary dietary 
source of cadmium are cereals, followed by vegetables, mainly due to natural content in soil [43-
45]. According to previous findings, we point out that sweets, and particularly chocolate are a 
relevant source of cadmium [45-47], though not all studies showed consistent results [31, 48].  
The other elements are characterized by both nutritional and toxicological properties, 
depending on the levels of exposure and in such cases of the chemical species [49-52]. This is 
particularly true for the metalloid selenium which demonstrated an intriguing relation with human 
health and disease and a very narrow safe range of intake [3, 53]. In our population, daily median 
intake of selenium of 66.53 µg/day is slightly higher than the reported range of intake of 31.0-65.6 
µg/day characterizing the European population [54, 55] and well above the reference intake by 
many international agencies [53], varying from 26 µg/day for women and 33 µg/day for men of 
WHO [56] to 70 µg/day of EFSA [55]. This may have been due to the different (higher) food 
selenium content of foods distributed in this community compared with other European countries 
[43, 57-65]. In a previous Italian study based on the diet characterizing the entire Italian 
population, average selenium intake (103.6 µg/day) was higher than in our study [30]. However, 
overestimation of daily selenium intake might occur when using measurement in food samples 
compared to complete meals [66].  
The status of trivalent chromium as an essential trace element for humans is currently 
under question [9], due to the involvement of insulin signaling and lipid metabolism, though most 
recent findings suggest more caution and point out possible pharmacological effects of chromium 
and chromium supplements [67, 68]. As a matter of that, EFSA did not set a reference intake for 
chromium due to lack of evidence of beneficial effects associated with its intake, whereas a 
tolerable weekly intake of 300 µg/kg of bw/week was established for trivalent chromium. The 
estimated chromium median dietary intake of 56.70 µg/day is similar to those reported in other 
European populations [69], but it is above the average intake reported by WHO [1] and two-fold 
higher than the dietary reference intake set by the Institute of Medicine [70], suggesting possible 
overexposure. Our results are consistent with previous findings showing that the food groups with 
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the highest levels of chromium are sweets (particularly dark chocolate and ice cream), oils and 
fats, and finally meat [46, 47, 71, 72].  
Copper is considered essential to humans as it is a cofactor of many redox enzymes, 
including ceruloplasmin, the most abundant copper-dependent ferroxidase enzyme [73]. 
However, the reference value for copper dietary intake is still challenging [4], while higher level of 
copper are considered toxic, especially towards neurodegenerative disease [74]. The estimated 
daily intake of 0.98 mg/day is slightly lower the intake reported by European and International 
Agencies, and generally nearby the established dietary reference intake, suggesting possible risk of 
deficiency in our population, whereas it is well below the different established upper limits [75, 
76].  
Similarly, manganese is an essential trace elements involved in oxidative stress response 
[2], and plays a fundamental role for brain development and functioning [49, 77]. The manganese 
estimated daily intake of 2.34 mg/day is within the range of dietary exposure reported for adult 
populations in Europe [78] and other world countries [79], and it is only slightly below the dietary 
reference intake of 3 mg/day set by EFSA [78]. In line with previous findings, the primary 
contributors to manganese intake are cereals, followed by vegetables, legumes, and sweets, 
especially in dark chocolate [48, 71, 80]. As shown by the high content in tea and coffee sample, it 
should be noted their consumption could be a relevant source of manganese [81, 82], with 
possible risk of overexposure especially in heavy consumers tea [83]. 
Zinc is an essential trace elements characterized by a wide array of vital physiological 
functions as it plays a role in more than a hundred enzymatic reactions [84]. Being ubiquitous 
within every cell of human body, signs of zinc deficiency are not generally linked with a specific 
function [85], while its excess can result in severe neurological disease [86, 87]. The intake of zinc 
is largely dependent by the efficiency of its absorption and it is negatively influenced by the 
phytate intake [8]. The estimated daily intake of 9.09 mg/day in men and 8.03 mg/day in women is 
close to the EFSA recommendations of 9.4 and 7.5 mg/day in men and women, respectively , 
considering an average phytate intake of 300 mg/day [88], while it is slight above the dietary 
reference intake of 7 and 4.9 for men and women, respectively, set by WHO considering a 
moderate zinc bioavailability [56]. Unfortunately, we did not directly assess the phytate content in 
foods, but the estimation of the intake of foods which mostly account to its intake, i.e. cereals, 
legumes and dry fruits [89], is substantially similar with previous findings [32, 90] and did not 
suggest that phytate intake is particularly higher in our population to heavily decrease the zinc 
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bioavailability. Interestingly, we pointed out that contribution of various food to zinc dietary 
intake is consistent with previous Italian surveys [30, 48], except for a lower contribution from 
vegetables and a higher one from milk and dairy products, the latter one possibly due also by the 
higher intake of this category in our regional sample respect to the whole country population. 
Our study has some strengths. First the large number of food samples on which the 
analytical determinations were based, and their collection from local, groceries as well as from 
supermarkets, in order to mimic the real sources of foodstuffs in the regional population. In 
addition, we identified food items and food categories according to the guidelines suggested for 
total diet studies and to previous studies on dietary trace element intake, thus improving the 
possibility to compare our results with other studies [91]. To do that, we also preferred to carry 
out separated analyses after splitting categories into subgroups, such as for vegetables and fruit, 
in order to better identify specifically high and low sources of trace elements. 
A second strength of the study is the estimation of the trace elements content in foodstuffs 
composing the actual and the typical diet of Northern Italian, and Emilia-Romagna region in 
particular, as well we estimated the daily element intake using dietary habits evaluated in large 
sample out of the same regional population [25, 26]. Similar studies yielded in different regions of 
the same country, pointed out such differences in trace elements intake, due typical dietary habits 
influencing the amount and type of foodstuffs composing the usual diet [44, 92] and moreover for 
the possible different content in food them-self, due to geographical variations in soil and water 
[60, 93-95]. Moreover, we collected information of dietary habits using a validated FFQ [28], in a 
version specifically developed for Northern Italian population [27]. Finally, due to the large 
population sample, we have addressed possible sex-differences, as shown by sex-specific 
estimation of daily intake, though no relevant differences were pointed out, except for a general 
higher daily intake in men due to the higher food consumption [35, 96, 97].  
Interestingly, in a previous report correlating serum levels of manganese species and foods 
intake, we pointed a positive correlation between both meat with inorganic manganese, and 
between vegetables, legumes, and to a lesser extent fruits with levels of total manganese, 
manganese-citrate and manganese-transferrin [19]. 
The study has some limitations that should be pointed out. The collection of food was 
performed in winter-autumn, thus seasonal variation could only be partially taken in consideration 
[91, 98]. For example, selenium biomarkers showed lower and higher level in winter and summer, 
respectively [99], possible due to different intake in food accounting for the increase selenium 
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intake, i.e. fish and seafood [100], though other studies did not point out any seasonal variation 
with intake and biomarkers of exposure [101], even in area with high exposure through drinking 
water [102]. Nevertheless, collection dietary habits from the study population was carried out 
over the whole year, thus seasonal differences are not expected to occur neither for macro [103, 
104] or micro nutrients [105, 106]. Moreover, the EPIC FFQ collects information of food 
consumption over the entire previous year, and includes specific questions in order to take into 
account intake of food which are made subjects to seasonality. 
Unfortunately, we were unable to differentiate species of trace elements, although the 
interest in element speciation in both biomarkers [49, 107, 108] and foods [109-114] is markedly 
increased due to the even opposite effects of various species in humans. In particular for 
chromium, there is a lack of data on the presence of carcinogenic hexavalent chromium in food 
[115], whereas it is the main form in drinking water [116]. Indeed, previous studies assessing 
trivalent (chromite) and hexavalent (chromate) chromium species in cereals found that chromate 
content in bread is nearly to the 10% of total chromium [117]. Another study found high chromate 
levels in brown respect white bread, and pointed out that the high temperature of toasting seems 
to favor the oxidation from chromite to chromate [118]. However, these results are not consistent 
with other studies showing no chromate content in any investigated sample [119-121]. Possible 
explanation of the contrasting results could be found in the instability of chromate in food, which 
is by-and-large a reducing medium [121]. 
Regarding selenium species, selenocysteine is an essential component in selenoprotein 
biosynthesis [122], while other organic forms such as selenomethionine [123] and inorganic forms 
such selenite and selenate [124] are considered the most toxic species [107, 108, 125]. 
Nevertheless, an elevated inorganic selenium intake though food is unlikely, since most of the 
selenium ingested with foods is in organic species [126], and the predominant forms in cereals, 
plants and meat are generally selenomethionine and selenocysteine [108, 127-129], followed by 
the inorganic forms, which are generally abundant in fish and seafood [126, 130-132].  
We did not assess the geographic origin of purchased foods in order to explore differences 
in local and imported products [91] as well as the content of trace elements in drinking water. 
However, the use of groceries as well as large supermarket to retrieve foods should have mimed 
the actual habits of population, thus yielding to a close-to-real estimation of dietary intake. Trace 
elements in water samples are generally very low and the contribution of drinking water is 
generally negligible in unpolluted or non-seleniferous areas [79, 133-136],  though in such cases 
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subjects could receive up to the 10% of the recommended dietary intake, especially for zinc and 
copper. About the latter one, the contribution of drinking water could vary depending also on 
consumption of water flushed within a distribution system that includes copper pipes [76], or 
drinking water could be source of such species, generally different from those retrieved in foods, 
as for inorganic selenium and hexavalent chromium [116, 137].  
Finally, we assessed dietary intake only on adult population, excluding adolescents and 
children, for which the difference in dietary habits and metabolism could hamper the use of 
estimation based on adult subjects, as recently reported for cadmium [138].  
In conclusion, the daily intake data provided by our studies can offer important information 
about the nutritional quality of local dietary habits. The present estimated intake data can be used 
to examine a specific element of interest, and would particularly afford enhanced health 
protection from those trace elements characterized by both nutritional and toxicological effects. 
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Table 1. Distribution of trace elements concentrations in food categories of the usual diet in the 
study population. 
 
Cd (µg/kg)  Cu (mg/kg) 
 
5
th
 25
th
 50
th
 75
th
 95
th
  5
th
 25
th
 50
th
 75
th
 95
th
 
Cereals 6.24 9.87 15.36 22.98 54.52  1.01 1.43 2.13 3.05 4.38 
Meat 0.07 0.33 0.83 2.18 25.72  0.40 0.53 0.81 1.41 3.61 
Milk and dairy products 0.05 0.15 0.31 0.55 1.61  0.04 0.21 0.38 0.63 5.96 
Eggs 0.00 0.00 0.10 0.26 0.43  0.07 0.23 0.46 1.32 1.73 
Fish and seafood 0.13 0.75 4.96 26.78 136.71  0.15 0.31 0.73 1.53 3.40 
Vegetables 0.40 1.82 4.04 11.45 39.52  0.24 0.46 0.83 1.49 3.86 
Legumes 1.09 3.25 5.10 10.4 35.74  2.01 4.40 6.00 7.12 11.44 
Potatoes 1.13 4.77 10.51 23.11 71.20  0.54 0.80 1.22 1.54 2.49 
Fresh fruits 0.00 0.08 0.24 0.81 3.94  0.26 0.37 0.60 1.01 2.26 
Dry fruits 0.00 0.66 1.67 20.8 272.50  2.71 7.39 11.16 16.24 27.45 
Sweets 0.17 1.63 6.03 27.1 233.13  0.06 0.41 0.99 4.29 17.31 
Oils and fats 0.00 0.00 0.12 0.22 0.62  0.01 0.02 0.02 0.06 7.16 
Beverages 0.01 0.04 0.09 0.21 0.68  0.01 0.02 0.08 0.23 0.94 
 
Cr (µg/kg)  Mn (mg/kg) 
 
5
th
 25
th
 50
th
 75
th
 95
th
  5
th
 25
th
 50
th
 75
th
 95
th
 
Cereals 10.37 22.33 39.50 96.02 207.12  2.71 5.03 6.92 12.08 24.27 
Meat 19.33 31.82 63.09 137.80 340.99  0.06 0.13 0.22 0.34 2.38 
Milk and dairy products 3.03 24.49 42.33 125.75 335.45  0.02 0.11 0.19 0.30 0.70 
Eggs 2.53 8.45 10.61 15.86 67.11  0.00 0.01 0.33 0.60 1.27 
Fish and seafood 9.28 13.02 25.13 66.34 188.56  0.06 0.12 0.21 0.54 1.35 
Vegetables 5.81 10.82 25.46 60.15 207.82  0.36 0.72 1.33 3.06 11.15 
Legumes 5.32 17.79 33.73 56.20 99.32  3.25 7.91 11.34 13.72 23.89 
Potatoes 5.11 9.54 25.18 33.56 87.46  0.63 1.03 1.20 2.45 4.50 
Fresh fruits 4.89 7.41 13.73 26.66 84.95  0.16 0.30 0.52 1.59 7.74 
Dry fruits 13.91 20.21 34.61 249.37 563.67  5.17 13.8 18.26 31.22 139.23 
Sweets 17.54 37.19 140.35 330.67 936.88  0.04 0.68 3.03 8.24 20.22 
Oils and fats 11.08 48.69 286.70 372.35 877.40  0.00 0.01 0.02 0.07 0.24 
Beverages 5.94 11.30 20.20 130.22 383.71  0.01 0.12 0.34 0.82 2.24 
 
Se (µg/kg)  Zn (mg/kg) 
 
5
th
 25
th
 50
th
 75
th
 95
th
  5
th
 25
th
 50
th
 75
th
 95
th
 
Cereals 17.61 34.08 61.67 96.87 428.86  4.19 6.08 10.54 13.36 30.25 
Meat 46.80 105.87 175.80 280.53 470.26  5.54 16.58 22.29 38.03 66.18 
Milk and dairy products 11.52 39.66 109.25 185.14 294.36  1.97 3.53 20.68 33.01 44.83 
Eggs 73.14 173.46 193.10 1197.85 1632.66  0.01 0.29 10.32 36.24 40.82 
Fish and seafood 98.45 204.51 376.40 668.08 1204.70  2.30 3.46 5.75 10.58 15.40 
Vegetables 1.07 2.06 3.56 8.35 89.58  0.60 1.12 2.08 3.85 9.05 
Legumes 10.00 19.82 44.43 250.63 1035.32  6.17 14.78 22.24 25.56 34.36 
Potatoes 0.95 3.13 7.83 12.59 461.58  1.28 1.93 2.78 5.81 10.53 
Fresh fruits 0.16 0.71 1.33 1.92 6.94  0.18 0.36 0.60 1.25 3.08 
Dry fruits 3.81 15.74 35.59 64.11 623.39  6.88 15.46 25.43 40.56 82.28 
Sweets 1.11 16.28 38.63 80.31 194.71  0.42 2.53 4.60 10.65 29.18 
Oils and fats 0.00 0.77 1.26 2.23 94.32  0.03 0.08 0.15 0.27 0.77 
Beverages 0.13 0.33 1.00 3.81 13.48  0.02 0.08 0.28 0.56 2.07 
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Table 2. Mean (standard error) of daily intake (g/day) of main food categories in the sample 
population of Emilia-Romagna Region. 
Foods Total Men Women 
Cereals 188.5 (3.7) 206.5 (5.9) 174.2 (4.6) 
Meat 128.4 (2.6) 142.4 (4.1) 117.2 (3.3) 
Milk and dairy products 230.7 (8.1) 203.1 (10.7) 252.7 (11.6) 
Eggs 15.1 (0.4) 14.6 (0.6) 15.4 (0.6) 
Fish and seafood 35.1 (1.0) 35.5 (1.5) 34.9 (1.5) 
Vegetables 160.7 (3.5) 156.6 (5) 164.0 (5.0) 
Legumes 18.7 (0.7) 19.5 (1.1) 18.1 (0.9) 
Potatoes 24.5 (0.9) 25.5 (1.5) 23.7 (1.1) 
Fresh fruits 344.3 (8.2) 336.5 (11.9) 350.4 (11.4) 
Dry fruits 1.7 (0.1) 1.8 (0.2) 1.6 (0.2) 
Sweets 86.5 (2.8) 82.9 (4.3) 89.4 (3.5) 
Oils and fats 27.2 (0.5) 27.9 (0.7) 26.7 (0.7) 
Beverages 363.3 (11) 412 (15.6) 324.6 (15.1) 
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Table 3. Daily dietary intake of cadmium, chromium, selenium, copper, manganese and zinc in 
study population. Median and interquartile range (IQR) are reported. 
 
 
Cd (µg/day)  Cu (mg/day) 
 
50
th
 IQR  50
th
 IQR 
Cereals 2.77 (1.90 - 3.74)  0.36 (0.25 - 0.50) 
Meat 0.07 (0.05 - 0.12)  0.08 (0.05 - 0.12) 
Milk and dairy products 0.03 (0.02 - 0.04)  0.02 (0.01 - 0.03) 
Eggs 0.001 (0.001 - 0.002)  0.006 (0.003 - 0.010) 
Fish and seafood 0.22 (0.09 - 0.59)  0.02 (0.01 - 0.03) 
Vegetables 0.97 (0.64 - 1.47)  0.11 (0.07 - 0.16) 
Legumes 0.07 (0.03 - 0.13)  0.08 (0.04 - 0.15) 
Potatoes 0.19 (0.11 - 0.34)  0.02 (0.01 - 0.04) 
Fresh fruits 0.06 (0.04 - 0.08)  0.16 (0.10 - 0.23) 
Dry fruits 0.001 (0.00 - 0.003)  0.003 (0.002 - 0.018) 
Sweets 0.51 (0.22 - 0.98)  0.07 (0.03 - 0.13) 
Oils and fats 0.002 (0.001 - 0.003)  0.001 (0.001 - 0.002) 
Beverages 0.11 (0.07 - 0.15)  0.05 (0.03 - 0.07) 
Total 5.00 (3.17 - 7.65)  0.98 (0.61 - 1.49) 
 
Cr (µg/day)  Mn (mg/day) 
 
50
th
 IQR  50
th
 IQR 
Cereals 9.01 (5.60 - 12.77)  1.07 (0.71 - 1.53) 
Meat 8.40 (5.59 - 11.62)  0.02 (0.01 - 0.03) 
Milk and dairy products 4.40 (2.41 - 8.57)  0.01 (0.01 - 0.02) 
Eggs 0.14 (0.08 - 0.22)  0.004 (0.002 - 0.007) 
Fish and seafood 0.72 (0.39 - 1.15)  0.006 (0.003 - 0.010) 
Vegetables 4.33 (2.83 - 6.40)  0.23 (0.15 - 0.35) 
Legumes 0.46 (0.21 - 0.85)  0.15 (0.07 - 0.29) 
Potatoes 0.45 (0.27 - 0.81)  0.02 (0.01 - 0.04) 
Fresh fruits 3.81 (2.44 - 5.37)  0.18 (0.11 - 0.25) 
Dry fruits 0.01 (0.01 - 0.06)  0.005 (0.004 - 0.029) 
Sweets 5.86 (3.11 - 10.64)  0.20 (0.09 - 0.35) 
Oils and fats 7.75 (5.79 - 10.54)  0.001 (0.001 - 0.002) 
Beverages 11.36 (7.35 - 17.70)  0.44 (0.29 - 0.61) 
Total 56.70 (36.08 - 86.70)  2.34 (1.46 - 3.52) 
 
Se (µg/day)  Zn (mg/day) 
 
50
th
 IQR  50
th
 IQR 
Cereals 15.59 (10.02 - 24.93)  1.61 (1.11 - 2.24) 
Meat 17.57 (11.69 - 24.46)  3.08 (1.93 - 4.35) 
Milk and dairy products 8.99 (5.38 - 13.37)  1.42 (0.89 - 2.10) 
Eggs 2.61 (1.41 - 4.09)  0.14 (0.08 - 0.22) 
Fish and seafood 11.45 (6.33 - 17.80)  0.15 (0.08 - 0.26) 
Vegetables 0.66 (0.43 - 1.05)  0.25 (0.17 - 0.37) 
Legumes 0.60 (0.28 - 1.12)  0.30 (0.14 - 0.56) 
Potatoes 0.14 (0.08 - 0.25)  0.05 (0.03 - 0.09) 
Fresh fruits 0.33 (0.21 - 0.47)  0.19 (0.12 - 0.27) 
Dry fruits 0.01 (0.01 - 0.06)  0.01 (0.01 - 0.04) 
Sweets 2.26 (0.91 - 4.35)  0.30 (0.12 - 0.53) 
Oils and fats 0.09 (0.04 - 0.16)  0.004 (0.003 - 0.005) 
Beverages 6.23 (3.25 - 9.21)  1.00 (0.53 - 1.44) 
Total 66.53 (40.04 - 101.32)  8.50 (5.21 - 12.48) 
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Table 4. Comparison of total element intake estimated in the study population with European and 
International tolerable daily/weekly intakes for adult population. 
 
Element 
This study  EFSA
a
  WHO
b
  IOM
c
 
Dietary 
intake  
 Dietary 
intake 
DRV TDI/TWI 
 Dietary 
intake 
DRV TDI/TWI 
 
DRV TDI/TWI 
Cadmium 
(µg/kg bw/week) 
0.50
d
 
 
1.9-3.0 - 2.5 
 
0.77-1.78
e
 - 6
e
 
 
- 7 
Chromium 
(µg/day) 
59.55 M 
56.08 F 
 
57.3-83.8 NR 300
f
  
 
47 NR 250
g
 
 30-35 M 
20-25 F 
NR 
Selenium 
(µg/day) 
67.13 M 
65.32 F 
 
31.0-65.6 70 300 
 
13-500 
33 M 
26 F 
400 
 
55 400 
Copper 
(mg/day) 
1.03 M 
0.95 F 
 
1.20-2.07 
1.6 M 
1.3 F 
5 
 
1.0-1.5 
1.3 M
h
 
1.2 F
h
 
10 
 
0.9 10 
Manganese 
(mg/day) 
2.49 M 
2.25 F 
 
1.39-5.49 3 NR 
 
2.5-3.0 2 to 5 11 
 2.3 M 
1.8 F 
11 
Zinc 
(mg/day) 
9.09 M 
8.03 F 
 
8-14 
9.4-16.3 M
i
 
7.5-12.7 F
i
 
25 
 
14-20 
4.2-14 M
j
 
3.0-9.8 F
j
 
45 M 
35 F 
 11 M 
8 F 
40 
 
Abbreviations: AI: adequate intake; bw: body weight; DRV: dietary reference value; EFSA: European Food Safety 
Authority; F: females; IOM: Institute of Medicine; IQR: interquartile range; M: males; NR: not reported; TDI: tolerable 
daily intake; TWI: tolerable weekly intake; WHO: World Health Organization.
 
a
Data of ranges of average dietary intake obtained from EFSA Scientific Opinions [45, 55, 69, 75, 78, 88]; 
b
Data of 
ranges of average dietary intake and for DRV obtained from FAO/WHO [1, 56, 76, 79]; 
c
Data from IOM and ATSDR [12, 
70]; 
d
70 kg of body weight considered for the comparison; 
e
The latest updated upper limit for cadmium was 25 PTMI 
(provisional tolerable monthly intake), corresponding to approximately 6 TWI and to 62 μg/day for a 70 kg person 
[36]. The estimated dietary exposure on monthly base is 2.2-12 µg/kg bw/month; 
f
Value in µg/kg bw/week only for 
trivalent chormite; 
g
Upper limit established especially for chromium supplementation [1]; 
h
Values corresponding to 
nearly (20 µg/kg bw/day); 
i
Ranges depending on level of phytate intake; 
j
Ranges depending on zinc bioavailability. 
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Figure 1. Trace elements content according to food intake category and % contribution of each 
food category to trace element daily intake (gray bars) in the Emilia-Romagna Region population  
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